The main limitation of the National Institutes of Health (NIH) consensus criteria is the biological and prognostic heterogeneity of tumors while the utility of the newly proposed UICC TNM staging system has not yet been validated. Our object is to compare the overall and disease-free survival (DFS) of patients with gastric gastrointestinal stromal tumors (GIST) using the UICC TNM staging system and the NIH consensus criteria and to determine the optimal risk stratification system for GIST. Methods: Retrospective analysis of 164 patients who underwent operative management for primary gastric GIST between 1994 and 2004. Results: The overall five-year survival rate was 89.6%. In the 149 patients who underwent an R0 resection, the five-year DFS rate was 86.3%. According to the NIH consensus criteria, the five-year survival rate after resection was 100% for patients in the very low-, low-, and intermediate-risk groups and 71.9% for patients in the high-risk group. The UICC TNM stages IA, IB, and II had the same survival rates (100%) and stage IIIA (75.0%) and stage IIIB (69.5%) showed no significant difference in survival compared to the NIH criteria, which precluded better risk stratification. The patients who were included in the high-risk group by NIH consensus criteria (>10 cm, ≤5/50 high power field) and were stage II by the UICC TNM staging system had a 100% five-year survival rate. Conclusion: Using the current schemes, one system does not demonstrate superior prognostic ability over the other. However, the high-risk group (T4/low mitotic rate) and stage II patients appear to be appropriately classified.
INTRODUCTION
Gastrointestinal stromal tumors (GIST) are rare mesenchymal tumors arising from the gastrointestinal tract and are the most common non-epithelial sarcoma, according for 0.1%-3% of all gastrointestinal malignancies. The most common anatomical site of origin is the stomach (60%-70%), followed by small intestine (20%-30%), esophagus (less than 10%), and colorectum (5%) [1] [2] [3] .
Before risk stratification of GIST had been established, the French Federation of Cancer Centers grading system for sarcomas was used, but many reports showed the system did not accurately reflect the clinical manifestations of GIST [4] . In 1993, Amin et al. introduced clinicopathologic criteria for assessing the malignant potential of GIST by examining factors such as peripheral invasive growth, lymph node metastasis, distant organ metastasis, peritoneal dissemination, and recurrence to allow classification of GIST as benign, borderline, or malignant according to tumor size and mitotic rate [5] . The National Institutes of Health Consensus risk score (NIH consensus criteria) was introduced in 2001 and categorized tumors into four risk groups based on tumor size and mitotic rate: very low-risk, low-risk, intermediate-risk, and high-risk [1] . One of the tenets of this risk stratification schema is that virtually all GISTs (especially those larger than 1 cm) have malignant potential, a concept supported by three large retrospective studies from the Armed Forces Institute of Pathology (AFIP) [2, 6, 7] . The AFIP series represent the largest published experience with GISTs diagnosed and treated in the modern era for which long-term clinical follow-up is available [8] . They also served to validate and expand the 2002 consensus criteria, confirming the results of earlier studies indicating that anatomic location affects the risk of disease recurrence [9] . In general, intestinal GISTs are more aggressive than are gastric tumors. The differences in outcome between gastric and small bowel GISTs can be illustrated by the published experience of AFIP [6, 7] . Taken together, these studies indicate that all GISTs larger than 2 cm have some finite risk of recurrence, while gastric GISTs that are 2 cm or less in size with a low mitotic rate can be regarded as having an exceedingly low recurrence risk. However, until long-term data on the natural history of GISTs < 2 cm in size from all sites are known, it is misleading to regard any as being truly benign. Huang et al. published the modified NIH consensus criteria, combining the very low-and low-risk groups into risk level I, classifying the intermediate-risk group as risk level II, and dividing the high-risk group into risk level III and IV [10] . However, this modification does not take disease site into account. The importance of small bowel location as an indicator of poorer long-term outcomes was confirmed in an analysis of data from the phase III adjuvant imatinib trial, ACOSOG Z9001 [11] .
Largely based upon data from the AFIP series [6, 7] , the seventh edition of the UICC TNM system (UICC TNM stage) was released [12] . It presented the lymph node stage and metastasis for the first time. The principle aim of the UICC TNM stage was to facilitate a uniform and standardized analysis of malignant tumors based on their stage.
The aim of this study was to validate and compare the performance of the NIH consensus criteria and the UICC TNM stage in a primary gastric GIST resected at a single institution to determine the ideal risk stratification scheme. In this study, we performed comparative analysis on the disease-free survival (DFS) and overall survival using the UICC TNM stage and the NIH consensus criteria and assessed the benefit of the sub-classification of tumors in the high-risk category.
METHODS
From 1994 until 2004, 8,321 patients underwent gastrectomy under any diagnosis at Samsung Medical Center, Sungkyunkwan University School of Medicine (Seoul, Korea). One hundred and sixty four patients who underwent resection for a primary gastric GIST were enrolled. Retrospective analysis of clinical, pathologic, and radiologic data, and follow-up information was performed on the basis of medical records. The tumor size was defined with the largest diameter recorded at pathologic report. Risk scores were stated based on the clinicopathologic characteristics and classified according to each set of criteria to allow for comparisons. The exclusion criteria were (1) synchronous malignancies and (2) inaccurate medical records. The Institutional Review Board at Samsung Medical Center approved this study.
Pathology
Pathologic diagnoses of gastric GIST were confirmed by hematoxylin-eosin staining (H&E staining). An expert gastrointestinal pathologist reviewed all of the cases, and one case of schwannoma and two leiomyomas were excluded from this study. Additional immunohistochemical staining (c-kit) was performed in 113 (68.9%) cases to confirm the pathologic diagnosis and medical treatment. Approximately 95% of GISTs have positive results [13] . Nevertheless, the most important diagnostic tool for GIST remains the hematoxylin and eosin-stained section [14] .
Surgical treatment
R0 resection was defined as complete resection of the localized tumors. Gross and pathologic R1 resection was defined as resection of all clinically evident disease. R1 resection included tumors extending to a resection margin, or tumors with a very thin capsule dissected away from other organs, or cases with tumor rupture before or during operation. R2 resection was defined as the presence of a macroscopic residual tumor. Wedge resection was performed if the margin could be secured regardless of the location of the lesion. Subtotal or total gastrectomy was performed if margins could not be secured. Imatinib mesylate was administered to 30 patients who had distant metastasis at the time of exploration, or incomplete resection, or recurrence after R0 resection. Table 1 . Very low-risk and low-risk groups per the NIH consensus criteria were included in stage IA. In the intermediate risk group, patients with tumors measuring 5-10 cm in size and a mitotic count ≤ 5/50 high power field (HPF) were classified as stage IB, while patients with tumors ≤ 5 cm and a mitotic count of 6-10/50 HPF were classified as stage II. In the high-risk group, patients with tumors ≤ 10 cm and a mitotic count ≤ 5/50 HPF were classified as stage II. Patients with tumors measuring 5-10 cm and a mitotic count > 5/50 HPF were classified as stage IIIA, and patients with tumors > 10 cm and a mitotic count > 5/50 HPF were classified as stage IIIB. Patients with lymph node metastasis or distant metastasis or tumor rupture during surgery were classified as stage IV.
Statistical analysis
The Kaplan-Meier method was used for survival analysis and the survival difference was analyzed using the log-rank test. Multivariate analysis was performed using Cox's proportional hazards model. Statistical analysis was conducted using PASW ver. 17.0 (SPSS Inc., Chicago, IL, USA). A P-value < 0.05 was considered statistically significant.
RESULTS

Patient characteristics
Of the 164 patients, 86 were males and 78 were females. The median age was 57 years (range, 16-79 years). The median tumor size was 5.6 cm (range, 1.5-26 cm) and the median mitotic rate was 4 (0-340) per 50 HPF ( Table 2) .
Patient distribution
Our patients were classified into four groups according to the NIH consensus criteria and six groups according to UICC TNM stage ( Table 1 ). According to UICC TNM stage, 5 patients who were included in the very low-risk group and 66 patients in the low-risk 
Surgical management
Wedge resection was performed in 114 patients, including 2 patients undergoing laparoscopic wedge resection. Subtotal and total gastrectomy was performed in 24 patients and 24 patients, respectively. Exploratory laparotomy without resection was performed in 2 patients because of tumor dissemination. One patient had omental seeding with liver metastasis, and the other had seeding in the peritoneum with the rectal shelf. R0 resection was performed in 149 patients and R1 resection was performed in 6 patients. The mass ruptured intraoperatively in 5 of these 6 patients, and the other patient, who underwent resection of seeding nodules and the invaded organs, had microscopic residual tumors in the invaded organs. Among 9 patients with R2 resection, four had peritoneal seeding, three had peritoneal seeding with rectal shelf metastasis, and one had peritoneal seeding with liver metastasis. The other one had only liver metastasis in both lobes. One hundred and nine patients who were included in the very low-, low-, and intermediate-risk groups according to the NIH consensus criteria underwent R0 resection. In the high-risk group (n = 55), 40 patients underwent R0 resection and 6 patients underwent R1 resection, and 9 patients done R2 resection. According to UICC TNM stage, R0 resection was performed for all stage IA, IB, II, and IIIA patients (n = 135). 14 patients of 15 stage IIIB patients underwent R0 resection, and 1 patient underwent R1 resection. Among the patients of stage IV (n = 18), 4 patients underwent R0 resection, 5 patients underwent R1 resection, and 9 patients underwent R2 resection.
Immunohistochemical staining
Immunohistochemical staining was performed in 139 of 164 patients (84.6%). C-kit expression was tested into 113 cases (68.9%), and positive c-kit was found in 110 cases (97.3%). CD34 was positive in 93/100 (93%), smooth muscle actin in 53/108 (49%), S-100 in 18/109 (17%), and Ki-67 in 14/75 (19%) cases of tumors, respectively. Ki-67 staining was defined as positive when the stain was greater than 10% of tumor dimension.
Recurrence
Recurrences were found in 19 patients of whom underwent an R0 resection (n = 149) ( Table 3) . These patients were all classified in the high-risk group according to the NIH consensus criteria. Two of nineteen patients with stage II had recurrence at the anastomotic site and were treated with imatinib (Gleevec, Norvatis Pharma, Basel, Switzerland). Nine of twelve patients with stage IIIA developed recurrence: 3 patients in the liver, 1 patient in the subphrenic area, 1 patient in perisplenic area, 1 patient in the peritoneum, and 3 patients in the liver with peritoneum. Among them, 1 patient with a solitary liver metastasis underwent radiofrequency ablation and 1 patient with perisplenic metastasis underwent excision. Eight patients received imatinib, but 1 patient recurred before imatinib had been introduced. Eight of sixteen patients with stage IIIB cancer developed recurrence: 4 patients had liver metastasis, 3 patients had peritoneal seeding, and 1 patient had local recurrence in the duodenal stump. All of these patients received imatinib after resection of the recurring tumor or post-ablation.
Survival comparison
On univariate analysis, tumor size ≤ 5 cm (P < 0.001), mitotic rate < 5/50 HPF (P < 0.001), and complete resection (R0) (P < 0.001) were favorable predictors of survival. Multivariate analysis showed that a mitotic rate > 10/50 HPF (P = 0.001), incomplete resection Site of recurrence: liver (n = 9), resection site (n = 2), spleen (n = 1), peritoneum (n = 1). (R1) (P = 0.036), and unresectable tumors (R2) (P = 0.007) were poor prognostic factors (Table 4) . With a median follow-up of 60.1 months (range, 0.4-189.3 months), the overall five-year survival rate was 89.6%. Five-year survival rates were 100% in the very low-, low-, and intermediate-risk groups and 71.9% in the high-risk group according to the NIH consensus criteria (P < 0.001). The five-year survival rates according to UICC TNM stage were 100% for stage IA, IB, and II; 75.0% for stage IIIA; 69.5% for stage IIIB; and 55.6% for stage IV (P < 0.001) ( Fig. 1 ). Twelve patients with stage IIIA and fifteen patients with stage IIIB cancers had an over five-year survival rate of 75.0% and 69.5%, respectively (P = 1.00). Ten patients had a mitotic rate less than 5/50 HPF but a tumor size greater than 10 cm, which placed them in the high-risk group according to the NIH consensus criteria and classified them as stage II according to the UICC TNM staging system. The five-year survival rate of these 10 patients was 100%. The five-year DFS of the 149 patients who underwent an R0 resection was 86.3%. DFS was also 100% in the very low-, low-, and intermediate-risk groups and 53.1% in the highrisk group (P < 0.001). The five-year DFS rates according to UICC TNM stage were 100% for IA and IB, 94.1% for stage II, 41.7% for stage IIIA, 35.1% for stage IIIB, and 50.0% for stage IV (P < 0.001) (Fig. 2 ).
DISCUSSION
Accurate prognostication of GIST is essential, not only in guiding the clinician with regard to the frequency and intensity of postoperative surveillance but, more importantly, to enable better selection of tumors for potential adjuvant treatment. To date, no study has been conducted to validate the use of the UICC TNM stage versus the NIH consensus criteria or to compare them to determine the optimal risk stratification system for GIST. Here we aimed to provide such a comparison for the first time.
Since the NIH consensus criteria are based on tumor size and mitotic count, this system is easily applied but limited by the biological and prognostic heterogeneity of tumors. For example, patients belonging to the very low-risk groups have an excellent prognosis, but patients belonging to high-risk groups have high recurrence rates and poor prognosis. However, the rate of recurrence and prognosis in patients belonging to the low-and intermediate-risk groups are uncertain [15] . Previously published studies from our institution demonstrated that the very low-, low-and intermediate-risk groups have a similar prognosis and prognostic stratification of high-risk GIST is useful for identifying patients with high-risk GIST [16, 17] . In this study, the five-year survival rate based on the NIH consensus criteria was near 100% for the very low-, low-, and intermediate-risk groups and 80% in the highrisk group. We were unable to stratify the low-and intermediate-risk groups as was done in the previous reports. Patients with stage IA, IB, and II tumors per the UICC TNM system showed close to 100% survival rates and, therefore, could not be stratified further. Additionally, the five-year survival rates for stage IIIA and IIIB were not significantly different. Patients with stage IIIB cancer had a better five-year survival rate compared to stage IIIA patients. Since the survival rate of stage IIIB patients may have been impacted by the use of imatinib after recurrence, we compared the DFS rates in these patients and found that they were not significantly different (74.1% vs. 76.9%). Therefore, it may not be necessary to stratify stage III into two groups. Our results are consistent with those of a previous study [18] that reported the following five-year DFS rates according to AJCC TNM staging: 96% for stage IA, 92% for stage IB, 51% for stage II, 22% for stage IIIA, and 22% for stage IIIB in gastric GIST.
The NIH consensus criteria may overestimate the biologic potential for large tumors with a low mitotic rate [19] . We found that patients with a low mitotic rate ( ≤ 5/50 HPF) and T4 ( > 10 cm) tumors who were included in the high risk group according to the NIH consensus criteria and were stage II according to the UICC TNM stage had a 100% five-year survival rate. This finding is with that of previously published reports.
Until recently, GIST was notorious for being resistant to chemotherapy, with a success rate of less than 5%. Recently, the c-kit tyrosine kinase inhibitor (TKI), imatinib, a drug initially marketed for chronic myelogenous leukemia, was found to be useful in treating GIST, leading to a 40%-70% response rate in metastatic or inoperable cases [20] [21] [22] . The two-year survival of patients with advanced disease has risen to 75%-80% following imatinib treatment. However, the optimal duration of adjuvant therapy is currently controversial [23] [24] [25] . The multitargeted TKI sunitinib is active in imatinib-refractory or intolerant patients [26] [27] [28] [29] [30] [31] [32] . Regorafenib is an orally active TKI that is structurally similar to sorafenib and targets a variety of kinases including KIT, PDGFR, and VEGFRs. Efficacy in refractory patients was shown in a phase II trial of 34 patients who developed resistance to both imatinib and sorafenib, in which four patients had a partial response and 22 had stable disease for 16 weeks or longer; the median PFS was 10 months [33] .
In conclusion, the result of this study indicates that UICC TNM staging does not appear to be superior to the NIH consensus in the risk stratification of gastric GIST. However, this study includes comparatively small number of patients and future investigation with larger number of sample may demonstrate further prognostic utility. In this study, stage IA, IB, and II patients did not have significant differences in survival. Stage IIIA and IIIB also were not significantly different in terms of survival. However, the high-risk group (T4/low mitotic rate) and stage II appear to be appropriately classified.
